ABSTRACT
INTRODUCTION
The temporoparietal, parieto-occipital flaps or the forehead flaps that are used in reconstructive surgery are prepared on the superficial temporal artery (STA) or its branches It has been reported that these flaps are used for the treatment of baldness and for the recovery of the defect of face and scalp (Chang et al 2003 & Har-Shai et al 1992 & Nakajima et al 1995 & Ter Konda & Sykes 1997 .
Superficial temporal artery possesses an important source of extracranial-to-intracranial bypass procedures for different ischemic disorders of brain (Ricbourg et al 1975 & Sahinoglu et al 1994 & Sakai et al 1990 & Strauch et al 1993 . Yasargil s report anastomosis between the superficial temporal artery and the middle cerebral artery (MCA) which can be beneficial for treatment of cerebral ischaemia (Hamada et al 2002 & Pinar & Govsa 2006 , this procedure has Become increasingly popular. The microvascular anatomy of the MCA has already been reported (Chang et al 2003 & Pinar & Govsa 2006 . On the other hand detailed anatomy of the STA need more detailed studies to investigate to what extent the STA suitable for STA-MCA anastomosis with particular reference to its length and diameter. Superficial temporal artery (STA) flaps are used for the reconstruction of various facial defects resulting in relatively low donor-site morbidity. Hairy skin, ear cartilage, temporoparietalis fascia, temporalis muscle, and parietal bone may be elevated either alone or as a composite flap based on the superficial temporal vessels (Pinar & Govsa 2006 & Takeuchi et al 1997 & Kajikawa & Ueada 2003 .
Large vessel size, long pedicle, and ease of dissection make it an alternative free flap. In addition, the STA is involved in aesthetic procedures such as conventional or endoscopic face lift and brow lift operations (Abul-Hassan et al 1986 & Buyukmumcu et al 2004 & Chen et al 1999 & Czerwinski 1992 .
The course of the STA and its relations with certain anatomic landmarks and temporal branch of the facial nerve (TBFN) would be useful in a great variety of procedures both reconstructive and aesthetic (Volkan et al 2010) The superficial temporal artery (STA) is one of the terminal branches of the external carotid artery. It begins in the parotid gland behind the neck of mandible and crosses the posterior root of the zygomatic process of the temporal bone (Abul-Hassan et al 1986 & Chen et al 1999 & Lang 1995 & Marano et al 1985 & Sahinoglu et al 1994 . Then, above the zygomatic process, it divides into an anterior frontal and a posterior parietal branches (Czerwinski 1992 & Ricbourg et al 1975 & Strauch et al 1993 & Stock et al 1980 . The STA supplies the face and scalp together with some branches of the external carotid artery. As the face is an aesthetic region, its deformation should be repaired with the most suitable tissue. The scalp is popular because it is suitable and near the face (Abul-Hassan et al 1986 & Chang et al 2003 & Kajikawa A, Ueada 2003 & Lopez et al 2003 . For this reason, knowing that the STA and its branches supply the scalp and anastomose with the other arteries is important.
It is necessary to be familiar with the variations in the course of the STA and its branches for the evaluation and treatment of certain aesthetic problems, especially those of flap surgery on the lateral forehead region.
MATERIALS AND METHODS
A total of 14 adult formalin preserved cadavers (12 males and 2females) that had been fixed in a 10% formalin solution, with 28 superficial temporal arteries were dissected at the Department of Anatomy, Faculty of Medicine, Alexandria University. The age range of the cadavers was 43-75 years. After the red colored latex solution was injected into the external carotid artery, the STA and its branches were dissected. Soft tissues were removed to expose the STA, which was then traced in reference to the surrounding landmarks, including the tragus, zygomatic arch and lateral canthus.
The superficial temporal artery was dissected from the zygoma and followed distally until its branches narrowed to an outside diameter of 1mm. To facilitate accurate measurements of arterial length a piece of thread suture was placed along the course of the artery and subsequently measured it against a centimeter ruler. The position of the bifurcation of the superficial temporal artery into its two terminal branches in relation to the zygomatic arch was noted. The branching pattern of the STA was examined and documented. The point of origin of the terminal branches of the STA in relation to the zygomatic arch was noted as being above, at, or below the arch.
In the course of the dissection of each region, the arteries encountered as well as their origin, position, branches, course, anatomical relations were carefully noted The diameters of the STA at the level of the zygomatic arch, and the diameters of the terminal branches at the point 1 cm from bifurcation were measured The caliber of the STA, the frontal branch, and the parietal branch were measured. Some landmarks were chosen on the head: the middle point to the bony lateral canthus (A), the tragus (B), the superior attachment of the ear to the head (C), and the point 2 cm directly above this attachment (D). These points were joined to the bony lateral canthus by straight lines: AB, AC, and AD. The DF line, which takes Juri's original flap as a base, begins at the point2 cm above the ear, and is directed anterosuperiorly 45_ above the AD line to the anterior hair line. The F point was over the anterior hairline. It was checked whether the parietal branch passed the DF line. According to Juri's design, the DF line builds the base of parietooccipital flaps. The STA was then observed where it crossed all these lines
RESULTS
The diameters of the STA at the level of the zygomatic arch and the diameters of the terminal branches at the point 1 cm distal to its bifurcation were measured. The mean diameter of the STA at the zygomatic arch was determined as 2.75±0.53 mm. It was determined as2.16±0.56 mm for the frontal branch, and as1.83±0.47 mm for the parietal branch. The measurements of STA and its branches have been given in Table 1 . There were no significant differences between the vessel diameters of the right and left sides in any subject (P>0.05).
The diameters of the frontal branch were bigger than those of the parietal branch in 15 samples out of 28(53,57%) (Fig. 1 ).
The diameters of both the frontal and parietal branches were equal in 12 samples out of 28(42,85%) (Fig. 2) .
In one specimen(3,57%),,The diameter of the parietal branch was bigger than those of the frontal and parietal branches in comparison with other specimens, in addition the frontal branch was absent in this specimen (Fig. 3) .
In 7specimens out of 28 (25%) ,the diameters of the parietal branch were thinner than 1.5 mm. The samples with a diameter of less 1.5 mm were defined as thin parietal branches. Three of these 7samples were observed on the left side, and the other 4 on the right side In 4 samples out of 28 (14,28%), thin frontal branch was encountered. Thin STA was observed in 2 specimens.
In 20 samples out of 28 (71.42%), the bifurcation points of the STA were over the zygomatic arch (Figs. 2, 4, 5.) .
In 7 specimens out of 28(25%), the bifurcation points of the superficial temporal artery were above the zygomatic arch (Fig. 1) .
In only one sample (3,57%), bifurcation was not observed, and the STA continued only as a parietal branch (Fig 3,6 ) (absence of frontal branch). The absence of the parietal branch was not observed.
In one sample ((3,57%), %), parietal branch bifurcated into 2 branches (Fig. 7,8) were encountered. the parietal branch run forward to the parietal tuber as continuation of the STA. (Fig. 7,8 ). Anastomotic branches arised from the posterior aspect of this parietal branch to join similar anastomotic branches arised from the occipital artery (Fig. 8 ).
The frontal branch directed forward to the forehead, parallel to the upper corner of the orbicularis oculi muscle. While it supplied the frontal belly of occiptofrontalis muscle, it curve back toward galea. Its perforating branches pierced the deep fascia and the frontal belly of occipitofrontalis muscle (Fig. 4,5) .
In all samples, the zygomaticoorbital artery was absent. In these samples, many small subbranches of the frontal branch came to the lateral region of the orbit (Fig. 9) .
The anterior auricular arteries had a diameter of 1 mm or less in all specimens these branches run to the helix and tragus (Fig. 1,2) .
A-B line Fig. (10)
A-B line measured a mean of 80.08±5.15 mm, 80.39±4.10 mm on the right, and, 79.75±6.24 mm on the left. The STA was 16.69±0.36 mm at the front of the B point on A-B line, it measured 16.86±3.35 mm on the right, and 16.51±3.53 on the left (I point). In other words, the STA measured 16.69±0.36 mm at the front of the tragus at the level of arch (I-B line). Table 1 . There were no significant differences between the lengths of the right and left sides in any subject (P>0.05). (Fig. 10) A-C line measured a mean of 81.77±5.30 mm in all samples, 81.96±5.45 mm on the right, and, 81.57±5.38 mm on the left. Table 1 . There were no significant differences between the lengths of the right and left sides in any subject (P>0.05). (Fig. 10) II-C line was 20.03±0.56 mm in all samples. The course of the STA was determined according to I-B ve II-C distances (Fig. 10) . Table 1 . There were no significant differences between the lengths of the right and left sides in any subject (P>0.05). (Fig. 10) A-D line was measured a mean of 83.64±4.67 mm, 85.18±3.48 mm on the right, and 82.04±5.34 mm on the left. Juri's design to STA and the terminal branches had been given in Table 1 . There were no significant differences between the lengths of the right and left sides in any subject (P>0.05). The parietal branch was 11.05±7.76 mm at the front of the D point over the DF line in 22 samples out of 28 (11.66±8.32 mm on the right, and, 10.44±7.44 mm on the left) (Fig. 1 ). There were no significant differences between the lengths of the right and left sides in any subject (P>0.05).
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Fig. 1:
Photograph of cadaveric temporal region of the head showing the superficial temporal artery (STA) and its bifurcation (*) above the zygomatic arch. The diameter of the frontal branch(RF) was bigger than that of the parietal branch(RP). Notice:anterior auricular arteries(black arrows), auricle(AU), Tragus(T)
Fig. 2:
Photograph of cadaveric temporal region of the head showing the superficial temporal artery (STA) and its bifurcation (*)over the zygomatic arch. The diameters of the frontal branch(RF) and that of the parietal branch(RP). are equal .notice:Anterior auricular arteries(black arrows), Auricle(AU),Tragus(T)
Fig. 3:
Photograph of cadaveric temporal region of the head showing the superficial temporal artery (STA), and its continuation as parietal branch (RP), with no bifurcation of the superficial temporal artery.
Fig. 4:
Photograph of cadaveric temporal region of the head showing the superficial temporal artery (STA) and its bifurcation (*) over the zygomatic arch into two branches the frontal (RF) and the parietal( RP).
Fig. 5:
Photograph of the same specimen in the previous figure with more dissection showing the superficial temporal artery (STA) and its bifurcation (*)over the zygomatic arch. The diameters of the frontal branch(RF) and that of the parietal branch(RP).are equal The frontal branch went forward to the front of the head,. Its perforating branches (black arrows) passed the deep fascia and the frontal muscle (FM).
Fig. 6:
Photograph of superior view of the head and tempora l region showing the superficial temporal artery (STA), the parietal branch(RP) went to the parietal tuber as the continuation of the STA.
Fig. 7:
Photograph of the same specimen in the previous figure with more dissection showing, the parietal branch (RP) bifurcates into 2 branches (black arrows).
Fig. 8:
Photograph of the same specimen in the previous figure with more dissection showing ,the parietal branch(RP) bifurcates into 2 branches(black arrows).also anastomotic branches (red arrows) arise from it anastomosing with similar anastomotic branch (blue arrow) arising from occipital artery (OA).
Fig. 9:
Photograph of cadaveric temporal region of the head showing the superficial temporal artery (STA) and its bifurcation (*) over the zygomatic arch. The diameters of the frontal branch (RF) and that of the parietal branch (RP) are equal, many small subbranches of the the frontal branch came to the lateral region of the orbit (arrow heads) these branches rereplace zygomaticoorbital artery.
Fig. 10:
The course of the superficial temporal artery and its branches. We used some landmarks on the head (A, B, C, D, F points). Straight lines joined these points (AB, AC and AD). Line DF, according to Juri's original flap, begins at the point 2 cm above the ear, and is directed anterosuperiorly 45_ above line AD to the anterior hairline. The F point was over the anterior hairline. The course of the STA and its branches were defined according to these lines and points 
DISCUSSION
Hairy skin, ear cartilage, temporalis muscle, temporoparietalis fascia and parietal bone may be elevated either alone or as a composite flap based on the superficial temporal vessel superficial temporal artery (STA) flaps are used for the reconstruction of various facial defects resulting in relatively low donor-site morbidity (AbulHassan et al 1986& Buyukmumcu et al 2004 .
Large vessel size, long pedicle, and ease of dissection make it an alternative free flap. In addition, the STA is involved in aesthetic procedures such as conventional or endoscopic face lift and brow lift operations (Michlits et al 2004 Sakai et al 1990 .
Many authors have published anatomical studies of the STA and its distribution area (Abul-Hassan et al 1986 & Chen et al 1999 & Lang 1995 & Marano et al 1985 & Ricbourg et al 1975 & Stock et al 1980 . For a successful surgery and a suitable flap design, adequate anatomical knowledge about superficial temporal artery is necessary. When the flap is raised at the temporoparietal area, the aesthetic defect is minimized. Therefore, it is suitable as a donor site for flap, and preferred by surgeons (Chang et al 2003 & Kajikawa & Ueada 2003 & Nakajima et al 1995 & Ter Konda & Sykes 1997 .
The STA is very important by itself. It supplies blood to half of the parotid gland, the posterior half of the temporo-maxillary joint, the entire horizontal portion of the scalp and the entire upper lateral half of the face. It has been reported that the diameters of the vessels measured a mean of 2.03-2.14 mm for the STA (Abul-Hassan et al 1986 & Chen et al 1999 & Lang 1995 & Magden & Arman 1995 & Stock et al 1980 , the frontal branch mean 1.61-2.1 mm (Chen et al 1999 & Lang 1995 & Magden & Arman 1995 , and the parietal branch mean 1.44-2.1 mm (Chen et al 1999 & Lang 1995 & Magden & Arman 1995 .
In various researchers' studying the bifurcation point of the STA observed above the zygomatic arch it ranged between in 61% and 88% of the cases (Abul-Hassan et al 1986 & Chen et al 1999 & Magden & Arman 1995 & Nakajima et al 1995 , directly over the arch it measured 3.8% and 26% (Chen et al 1999 & Czerwinski 1992 & Magden & Arman 1995 & Sahinoglu 1994 & Stock et al 1980 , and below the archit measured 7% and 11.5% (Chen et al 1999 & Czerwinski 1992 & Magden & Arman 1995 & Sahinoglu 1994 .
According to Marano, the diameters less than 1 mm are accepted as atrophic. The atrophic frontal branch is present in 2%, either the parietal branch or the frontal branch was atrophic in 4%, the atrophic STA was present in 2%, and the double parietal branches were present in 4% (Marano et al 1985) . Stock et al. (Stock et al. 1980 ) used Juri's design (Sheldon et al 1979) to define the STA and its terminal branches. They found the IB distance as0.94 cm, IIC distance as 1.39 cm and the, D-parietal branch distance as 1.54 cm (Stock et al 1980) . The distances according to Juri's flap design were found as:AB line, 82.40±1.09 mm, CB line, 81.8±1.34 mm, and D-parietal branch distance13.5±0.22 mm (Chen et al 1999) . Later, Stock et al. improved Juri's flap design. They made a rotation to the flap to include the parietal branch according to the anterior hair line and the course of the parietal branch. As to their opinion, the flexible flap was much more sensible than the routine design (Stock et al 1980) .
Chang et al. performed total upper lip reconstruction with a free temporal scalp flap. They marked the STA using light palpation at the preoperation stage (Chang et al 2003) . Lopez et al. (Ricbourg et al 1975) used the temporal fasciocutaneous island flap, which was supplied by the parietal branch, for oncologic oral and facial reconstruction. Ricbourg et al. investigated the zygomatico-orbital artery. According to their definition, the zygomatico-orbital artery branched as type I, out of the STA in 80% of the cases and it branched as type II, out of the frontal branch where bifurcation point of the STA was over the arch in 20%. Atmaz Pinar et al also investigated the zygomatico-orbital artery. According to their definition, the zygomatico-orbital artery was observed to be coursing towards the face, parallel to the zygomatic arch in 77.77% of the cases. In the present study in all samples the zygomaticoorbital artery was not observed. In these samples, many small subbranches of the frontal branch directed to the lateral region of the orbit.
The results of the present study have been compared with those of the other researchers in Tables 2 and 3 .It has been observed that findings of the present study are generally compatible with those of the others. In the present study, specimens were studied to determine the suitability of the superficial temporal artery for use in microvascular anastomoses. The mean diameter of the STA at the zygomatic arch was determined as 2.75±0.53 mm. It was determined as2.16±0.56 mm for the frontal branch, and as1.83±0.47 mm for the parietal branch.
There were no significant differences between the vessel diameters of the right and left sides in any subject (P>0.05). In the present study ,the diameters of the frontal branch were bigger than those of the parietal branch in 15 samples out of 28(53,57%). The diameters of both the frontal and parietal branches were equal in 12 samples out of 28(42,85%). In one specimen (3,57%),the diameter of the parietal branch was bigger than those of the frontal and parietal branches in comparison with other specimens in addition ,the frontal branch was absent in this specimen. In 7 out of 28(25%), the diameters of the parietal branch were thinner than 1.5 mm. The samples with a diameter of less 1.5 mm were defined as thin parietal branches. Three of these 7samples were observed on the left side, and the other 4 on the right side.In 4 samples out of 28 (14,28%), thin frontal branch was encountered. Thin STA was observed in 2 specimens. In 20 samples out of 28 ( 71.42%), the bifurcation points of the STA were over the zygomatic arch ,on contrary to Amataz et al., bifurcation points of the STA were above the zygomatic arch in 74.07% specimens. One specimen (3.7%) had no bifurcation. In 7 specimens out of 28(25%), the bifurcation points of the superficial temporal artery were above the zygomatic arch. In only one sample (3,57%), bifurcation was absent in the present study, and this was in accordance with Amataz pinar et al in the present study the STA continued only as a parietal branch (absence of frontal branch). The absence of the parietal branch was not observed. on contrary to Marano et al where this parietal branch was absent in one of his samples (3,57%), In one sample in the present study (3,57%), the parietal branche bifurcated into 2 branches. the parietal branch run forward towards the parietal tuber as the continuation of the STA. Anastomotic branches arised from the posterior aspect of this parietal branch to join similar anastomotic branches of the occipital artery.
The anterior auricular arteries had a diameter of 1 mm or less. These branches run to the helix and tragus were observed in all samples in the present study, this was in accordance with Amataz et al.
In the present study bifurcation points of the STA were above the zygomatic arch in 74.07% specimens.In One specimen (3.7%) no bifurcation was observed, and in 67% had at least one branch, which was ‡1.5 mm in the frontal or parietal distribution.
In the present study a suitable frontal branch (i.e., ‡1 mm in diameter) was found in 90% of the specimens and a suitable parietal branch was found in80%. Although one specimen (3.7%) had a bifurcated parietal branch, the diameters of all branches were of suitable size. 
